Tylosin was fed to two of six wethers for 79 days, to a second two for only 28 days, and not at all to a third pair (controls). The addition of tylosin to the daily feed resulted in a rapid twofold increase in protozoal concentration and a change in the composition or characteristics, or both, of the bacterial population. The results indicate that the bacterial population was modified to the extent of about 80%. Total acid concentrations were initially depressed but appeared to be greater than those in control animals at the termination of the experiment. Deletion of tylosin from the ration resulted in a rapid decrease in protozoal concentrations, whereas changes in the bacterial population did not occur for a further 30 days.
Tylosin was fed to two of six wethers for 79 days, to a second two for only 28 days, and not at all to a third pair (controls). The addition of tylosin to the daily feed resulted in a rapid twofold increase in protozoal concentration and a change in the composition or characteristics, or both, of the bacterial population. The results indicate that the bacterial population was modified to the extent of about 80%. Total acid concentrations were initially depressed but appeared to be greater than those in control animals at the termination of the experiment. Deletion of tylosin from the ration resulted in a rapid decrease in protozoal concentrations, whereas changes in the bacterial population did not occur for a further 30 days.
Previous reports from this laboratory (10, 13) have indicated that rumen protozoan concentrations may be modified by the inclusion of antibiotic in ruminant feeds. In one study (13) , it was reported that either a residual effect or chlortetracycline-tylosin interaction exists. These results in part stimulated the investigation reported here. In addition, information concernmg changes occurring during prolonged antibiotic feeding was obtained.
MATERIALS AND METHODS
Sixrumen-fistulated wethers were randomly assigned to one of three pairs. The daily ration consisted of 700 g of basal pellets which contained alfalfa (40%), ground corn cobs (37.5%), shelled corn (15%), molasses (5%), and minerals (2.5%), together with 200 g of alfalfa meal. When fed, tylosin (15 mg/day) was mixed with the alfalfa meal. A seventh rumenfistulated animal was maintained on the control ration to supply standard inoculum for roll tubes and to supply rumen fluid for roll tube media.
Tylosin was fed to one pair of animals for the entire experimental period (79 days), to the second pair for the first 28 days only, and not at all to the third pair (controls). Tylosin is weakly basic and appears to be a macrolide antibiotic similar to erythromycin, with the antibacterial spectrum being essentially gram-positive (9, 12) . Rumen samples were collected before feeding (TO) and 4 hr post feeding (T4) on the 0, 1st, 2nd, 3rd, 9th, 1 18th, 28th, 29th, 31st, and 37th day after the experiment had commenced, and thereafter every 7th day until the 79th day. Samples were collected as described previously (14) . Volatile fatty acids (VFA) were quantitated by the method of Erwin et al. (7), protozoan concentrations were determined as described by Purser and Moir (14) , and concentrations of viable bacteria were determined by the method of Bryant and Robinson (1) with the addition of 0.07% glycerol to the media. Tylosin concentrations were determined microbiologically on rumen fluid collected at T4 only; the analyses were carried out by Eli Lilly and Co.
Viable bacteria were determined with two different systems. In the first (method A), individual medium was prepared with rumen fluid taken from each animal at T4 on each of the respective sample days; inoculum from the 7th or standard control sheep was used with each of these media. In the second system (method B), media were prepared containing rumen fluid from the 7th or standard control sheep, and tylosin was added to half of the tubes at a level calculated to approximate that found in rumen fluid of animals fed tylosin. Rumen fluid taken from each animal on each of the respective sampling days was used for inoculum. Quadruplicate tubes were used for each determination of viable bacteria.
Individual sheep values for days 9, 28, 37, 58, and 79 are shown in each figure as the range from the treatment value.
RESULTS
Protozoan concentrations are shown in Fig. 1 total protozoan population. Concentrations of viable bacteria for the individual animals as determined in the untreated media are given in Table 1 . These values are considered to be too variable to allow any conclusions to be drawn with respect to the influence of tylosin on bacterial concentrations.
Total VFA concentrations at TO are shown in Fig. 3 , and are presented as total concentrations (Fig. 3b) and as percentages of the control values (Fig. 3a) . After a transitory increase in total acid concentration, in the tylosin-fed sheep the concentration fell to 80 to 85 % of that of the control by day 9; it remained at this level until day 28. At this time, a marked increase in the acid concentration occurred, which resulted in an average value of 115% of that of the control for the remainder of the experiment. The deletion of tylosin from the feed on day 29 apparently forestalled such an effect for this treatment; a gradual rise in concentration occurred, and a level approximating that of the control was reached and maintained from day 51 to termination. Similar results were obtained with samples taken at T4. VFA proportions were determined and differences were noted but the results were considered to be too variable to be presented.
Tylosin concentrations in rumen fluid taken from the animals are shown in Table 2 . A steady concentration had been achieved in one pair of 1.1 animals (sheep 2 and 5) by day 3, but not in the other pair until the next sample. In the continuously fed animals, this level was maintained for the remainder of the experiment. Tylosin had disappeared from the rumen, in detectable quantities, with 2 days of deletion from the food.
DIscussIoN
Protozoan concentrations were markedly increased by the inclusion of tylosin in the feed. Concentrations during tylosin feeding were approximately double those for control animals, and the rapidity with which the response to tylosin feeding occurred was particularly striking. This effect is in complete agreement with previous results for both chlortetracycline and tylosin (13) .
It was hoped that the two systems used to determine bacterial concentrations would provide some insight into the magnitude of population modifications and further explain some of the results obtained previously (13 tylosin-fed animals seems likely to be due to the residual tylosin in the rumen fluid taken from these animals. However, the influence of a changed microbial population on the ability of a rumen fluid to support bacterial growth (15) must still be considered as a possible factor. The high value on day 28 (53%) for animals removed from the tylosin treatment the following day cannot be explained, but it should be noted that the tylosin concentrations in the rumen appeared to be lower than those of the previous samples.
Values in Fig. 2b provide an estimate of the ability of the bacterial population to grow in the presence of tylosin. That the bacterial population from animals fed tylosin was virtually 100% capable of growing in the presence of tylosin by day 9 was quite apparent, whereas only 20% of the organism from control animals could do so. Confirmation of this value of 20% is provided by the value of 20% of the organisms showing growth in media including rumen fluid from tylosin-fed animals (Fig. 2a) . Whether the tylosin-resistant bacteria in the animals fed tylosin, i.e., virtually the entire population cultured from these animals, were the same as the tylosin-resistant bacteria in animals not exposed to tylosin, i.e., 20% of the total bacteria cultured from the animals, or included some bacteria which developed resistance after exposure to tylosin is not known. These results provide direct evidence to support the conclusion of previous workers (6, 8) that the depression and subsequent recovery of both appetite and digestibility, resulting from feeding antibiotics, were related to modifications within the microbial population.
While it is now established that bacterial concentrations in the rumen behave inversely with respect to protozoan concentrations (2-5), differences in bacterial concentrations in the present experiments were not recorded. Indeed, in previous experiments with antibiotics (10, 13), differences in total viable bacterial concentrations have not been demonstrated either. A possible explanation is that a high degree of variability has been encountered with this parameter in work with antibiotics. An inverse relationship between bacterial and protozoan concentrations with defaunation work in this laboratory (11) has been demonstrated, and most of the previous workers (2, 5) obtained their results under similar conditions.
The sequence of events following the inclusion of tylosin in rations fed to sheep appeared to be as follows. First, a marked and abrupt inhibition of bacterial activity (approximately 80% of the organisms appear to be susceptible to tylosin) occurred, lasting for 3 or more days, during which time protozoan concentrations doubled. This was accompanied by decreased total VFA concentrations. Second, a modification in the bacterial population occurred which was complete, at least with respect to composition, by the 9th day of tylosin feeding. Third, total VFA concentrations returned to those shown by control animals by day 29. Fourth, on the 58th day, protozoan concentrations appeared to show a further increase, and total acid concentrations tended to be greater than that of control animals.
The rapid increase in protozoan concentrations in the first stage was probably the result of simple competition. This conclusion is supported by the decrease in total acid concentration and the fact that 80% of the original bacterial population was susceptible to tylosin. The reason for the second increase in protozoan concentration is not clear, and more work will be necessary both to elucidate and to confirm such an effect.
Upon removal of tylosin from the animals' rations, the sequence of events was a rapid and marked decrease in protozoan concentrations and a gradual change in the bacterial population commencing 28 days after tylosin removal. This was shown by a decreased percentage of the population capable of growing in the presence of tylosin.
Although this work leaves little doubt that the microbial population of the rumen was markedly modified when tylosin was included in rations fed to sheep, additional work is required to determine the significance of this modification with 
